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CONTRIBUTIONS TO PRECAMBRIAN GEOLOGY OF LAKE SUPERIOR REGION

A Regional Structural Model for
Gold Mineralization in the Southern Part of the
Archean Superior Province, United States

By P.K. Sims and W.C. Day

Abstract

The Canadian segment of the Archean Superior province
is a major world source of lode gold. The gold deposits occur
in or near regional transcurrent and oblique slip-shear defor-
mation zones that comprise a conjugate set to a northwest-
directed compression of the Superior province. These struc-
tures provided permeable pathways for the flow of large
volumes of auriferous fluid derived from an external source.

Historic gold production from the United States segment
of the Superior province is modest, but the close similarity in
the geologic environment of the United States and Canadian
segments suggests that large gold deposits should be present in
the U.S.A.

An occurrence model largely based on known par-
ameters of gold mineralization in Canada suggests that the
greenstone-granite terranes of the Wawa and Wabigoon sub-
provinces in the United States are favorable for important gold
deposits. The deposits should be hosted at a regional, district,
and deposit scale in or adjacent to transcurrent faults, such as
the Vermilion fault system in northeastern Minnesota and its
smaller splays. These structures are sites of high strain that are
commonly discordant to the boundaries of rock units on a
regional scale and extend to great depths. The model suggests
that gold mineralization took place during or later than the
transcurrent faulting and that it took place contemporaneously
with emplacement of silica-undersaturated intrusions. The
faulting occurred late in the igneous-tectonic history of the
Superior province, about 2,690 Ma. Extensive, intense alter-
ation comprising carbonitization, silicification, and sulfidiza-
tion accompanied the gold mineralization. The relationships
between alteration minerals and mineralized veins suggest a
close temporal relationship between the alteration and gold
mineralization processes.

Manuscript approved for publication August 5, 1991.

The proposed occurrence model for gold mineralization
and the available data suggest that two broad regions of
greenstone in the Archean Superior province in north-central
United States are particularly favorable for gold deposits:
(1) the Upper Peninsula of Michigan, and (2) northeastern
Minnesota. The Ishpeming greenstone belt of the Wawa
subprovince in Michigan contains the important Ropes deposit
and several other known gold occurrences, and the Vermilion
district (Wawa subprovince) in northeastern Minnesota con-
tains highly anomalous gold in soils and minor known bed-
rock occurrences. Transcurrent faults in both areas should be
favorable sites for gold mineralization.

INTRODUCTION

A consensus obtains that the numerous gold deposits
in the Superior province of Canada are spatially associated
with regional transcurrent and oblique slip-shear defor-
mation zones formed in Late Archean time (Colvine, 1989;
Card and others, 1989; Hodgson, 1989). The deformation
zones comprise a conjugate set to a northwest-directed
compression of the Archean Superior province.

The United States segment of the Archean Superior
province in northern Minnesota, northern Michigan, and
Wisconsin lacks large known gold deposits, but it contains
regional transcurrent structures and other geologic charac-
teristics very similar to those in the Canadian part, where
large deposits are known and exploited. Because of the
similar tectonostratigraphic setting, significant gold
deposits should exist in Archean rocks in north-central
United States. Exploration for gold deposits in this region is
hampered, however, by a generally thin, discontinuous
mantle of Pleistocene glacial deposits.
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GEOLOGIC FRAMEWORK OF
SUPERIOR PROVINCE

The Superior province is the world’s largest relatively
undisturbed Archean craton; it has been tectonically stable
since 2.5 Ga. It comprises the core of the Canadian Shield
and extends southward into north-central United States. The
south half of the province consists dominantly of alternating
belts of volcano-plutonic (greenstone-granite) terranes and
metasedimentary rock terranes that have been designated as
subprovinces (fig. 1). The Superior province is surrounded
by Proterozoic orogenic belts, which marginally affect the
Archean craton, and is covered to the west and north by
Phanerozoic rocks. The geology of the Superior province
has been described elegantly by Card (1990) and Hoffman
(1989).

The subprovinces of the Superior province have
contrasting lithologic assemblages, metamorphic and struc-
tural styles, geophysical characteristics, and ages, and are
largely fault bounded. They are comparable to Phanerozoic
tectonostratigraphic (or suspect) terranes in the North Ameri-
can cordillera (Jones and others, 1977). The greenstone-
granite terranes, which host the gold deposits known in
Canada and are the most favorable hosts for deposits in the
United States, are characterized by dominantly greenschist-
facies volcano-sedimentary sequences that are mainly 2.75
Ga to 2.70 Ga. Volcanism was accompanied by mafic to
trondhjemitic plutonism. Late Archean orogenesis, accom-
panied and followed by calc-alkalic to alkalic plutons,
occurred in the interval 2.70-2.68 Ga in the southern part
(Wawa and Quetico subprovinces) of the Superior province.
The deformation resulted from general north-south com-
pression and dextral transpression (Poulsen, 1986; Hudle-
ston and others, 1988), which was caused in part at least by
oblique collision of the southern Archean gneiss terrane (in

part 3.5 Ga) with the Superior province along the Great
Lakes tectonic zone (Sims, 1991).
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NATURE AND DISTRIBUTION OF
CANADIAN GOLD DEPOSITS IN
SUPERIOR PROVINCE

The Superior province of the Canadian Shield has
yielded more than 4,500 t (metric tons) of gold—more than
any other Archean craton in the Western Hemisphere. One
hundred twenty deposits exceed 3,000 kg (kilograms) of
production each, plus reserves. About 60 percent of the
production has come from the Abitibi subprovince, in
eastern Ontario and western Quebec (fig. 1); substantial
production has also come from the Uchi and Wabigoon
subprovinces. More than 80 percent of the gold has been
recovered from about 30 lode gold deposits, each with a
production of more than 30 t (Card and others, 1989;
Colvine, 1989).

Card and others (1989) have distinguished two types
of gold deposits in the Superior province of Canada:
(1) sulfide schist deposits, and (2) epigenetic vein deposits.
The sulfide schist deposits are paraconcordant and consist
dominantly of disseminated and vein pyrite and (or) pyrrho-
tite in sericitic schist; quartz veins are subordinate. The wall
rocks are altered to aluminous mineral assemblages, includ-
ing combinations of aluminosilicate species, chloritoid,
staurolite, and garnet. This deposit type, which many
believe is that of the large Hemlo, Ontario, deposit (Muir
and Elliot, 1987; Corfu and Muir, 1988), is sited in wide
zones of ductile transcurrent shear. Sulfide schist deposits
are less common and less productive than epigenetic vein
deposits.

Epigenetic vein deposits comprise veins, dissem-
inations, and replacements in steeply dipping reverse to
reverse-oblique, ductile to brittle shear zones, with sub-
ordinate veins in extensional fractures and stockworks. The
gold deposits are spatially associated with major fault or
shear zones tens to hundreds of kilometers long within or
along the margins of greenstone belts. The mineralized
structures transect all rock types. Lode gold deposits occur
in every rock type within greenstone belts (or greenstone-
granite terranes) but are spatially and temporally associated
with small, late-tectonic to post-tectonic intermediate to
felsic intrusions, including syenite and lamprophyre (Col-
vine and others, 1984; Wyman and Kerrich, 1988). The
veins contain quartz and carbonate minerals with sub-
ordinate pyrite, arsenopyrite, tourmaline, chlorite, and schee-
lite. They are surrounded by zoned alteration envelopes
dominated by carbonate, including ferroan dolomite and
ankerite, and are a few meters to a few tens of meters thick;
hydrothermal minerals overprint metamorphic minerals,
and a correlation exists between alteration mineralogy and
regional metamorphic grade, presumably because alteration
within the shear zones was approximately synchronous with
subprovince-wide regional metamorphism (Colvine, 1989,
table 1). The alteration is characterized overall by carbon-
itization, potassium metasomatism (generally sericite), and
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pretive nature made available to the public outside the formal USGS pub-
lications series. Copies are reproduced on request unlike formal USGS
publications, and they are also available for public inspection at deposi-
tories indicated in USGS catalogs.

Open-File Reports include unpublished manuscript reports, maps,
and other material that are made available for public consultation at de-
positories. They are a nonpermanent form of publication that maybe cit-
ed in other publications as sources of information.

Maps

Geologic Quadrangle Maps are multicolor geologic maps on to-
pographic bases in 7 1/2- or 15-minute quadrangle formats (scales main-
ly 1:24,000 or 1:62,500) showing bedrock, surficial, or engineering
geology. Maps generally include brief texts; some maps include structure
and columnar sections only.

Geophysical Investigations Maps are on topographic or planimet-
ric bases at various scales, they show results of surveys using geophysi-
cal techniques, such as gravity, magnetic, seismic, or radioactivity, which
reflect subsurface structures that are of economic or geologic signifi-
cance. Many maps include correlations with the geology.

Miscellaneous Investigations Series Maps are on planimetric or
topographic bases of regular and irregular areas at various scales; they
present a wide variety of format and subject matter. The series also in-
cludes 7 1/2-minute quadrangle photogeologic maps on planimetric
bases which show geology as interpreted from aerial photographs. The
series also includes maps of Mars and the Moon.

Coal Investigations Maps are geologic maps on topographic or
planimetric bases at various scales showing bedrock or surficial geology,
stratigraphy, and structural relations in certain coal-resource areas.

Oil and Gas Investigations Charts show stratigraphic informa-
tion for certain oil and gas fields and other areas having petroleum poten-
tial.

Miscellaneous Field Studies Maps are multicolor or black-and-
white maps on topographic or planimetric bases on quadrangle or irreg-
ular areas at various scales. Pre-1971 maps show bedrock geology in re-
lation to specific mining or mineral-deposit problems; post-1971 maps
are primarily black-and-white maps on various subjects such as environ-
mental studies or wilderness mineral investigations.

Hydrologic Investigations Atlases are multicolored or black-and-
white maps on topographic or planimetric bases presenting a wide range
of geohydrologic data of both regular and irregular areas; the principal
scale is 1:24,000, and regional studies are at 1:250,000 scale or smaller.

Catalogs

Permanent catalogs, as well as some others, giving comprehensive
listings of U.S. Geological Survey publications are available under the
conditions indicated below from the U.S. Geological Survey, Books and
Open-File Reports Sales, Box 25286, Denver, CO 80225. (See latest
Price and Availability List.)

“Publications of the Geological Survey, 1879-1961” may be pur-
chased by mail and over the counter in paperback book form and as a set
microfiche.

“Publications of the Geological Survey, 1962-1970” may be pur-
chased by mail and over the counter in paperback book form and as a set
of microfiche.

“Publications of the U.S. Geological Survey, 1971-1981” may be
purchased by mail and over the counter in paperback book form (two
volumes, publications listing and index) and as a set of microfiche.

Supplements for 1982, 1983, 1984, 1985, 1986, and for subse-
quent years since the last permanent catalog may be purchased by mail
and over the counter in paperback book form.

State catalogs, “List of U.S. Geological Survey Geologic and Wa-
ter-Supply Reports and Maps For (State),” may be purchased by mail and
over the counter in paperback booklet form only.

“Price and Availability List of U.S. Geological Survey Publica-
tions,” issued annually, is available free of charge in paperback booklet
form only.

Selected copies of a monthly catalog “New Publications of the
U.S. Geological Survey” is available free of charge by mail or may be
obtained over the counter in paperback booklet form only. Those wishing
a free subscription to the monthly catalog “New Publications of the U.S.
Geological Survey” should write to the U.S. Geological Survey, 582 Na-
tional Center, Reston, VA 22092.

Note.—Prices of Government publications listed in older catalogs,
announcements, and publications may be incorrect. Therefore, the prices
charged may differ from the prices in catalogs, announcements, and pub-
lications.
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